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Background & aims: The identification of modifiable risk factors associated with disease-related under-
nutrition at hospital admission will contribute to the development of integrated intervention and control
strategies for a timely primary prevention. This study aim was to quantify the association between
functional autonomy and undernutrition.
Methods: A multicentric cross-sectional study was developed in six public hospitals in Portugal.
Undernutrition risk was assessed using Nutritional Risk Screening 2002, undernutrition status was
classified from anthropometry and functional autonomy was evaluated using the Katz Index.
Results: In this sample of 1144 patients, 36% were at undernutrition risk and 9.7% undernourished. In
logistic regression analysis, dependent patients were at an increased risk of undernutrition (OR ¼ 1.69,
95% confidence interval (CI) ¼ 1.20e2.39). The following parameters: illiteracy (OR ¼ 2.45,
CI ¼ 1.52e3.96), age (one year increment) (OR ¼ 1.03, CI ¼ 1.02e1.04), male (OR ¼ 1.61, CI ¼ 1.19e2.16),
single/divorced/widowed (OR ¼ 1.83, CI ¼ 1.34e2.51) and smoker (OR ¼ 1.55, CI ¼ 1.02e2.35) also
increased the undernutrition risk. The impaired functional status, being single, divorced or widowed and
be a smoker were also associated with anthropometric undernutrition.
Conclusions: Functional impairment is related with undernutrition risk and with anthropometrical
undernutrition at hospital admission. We also conclude that little extra information is gained by using
anthropometrical indices compared to NRS 2002 when assessing the factors associated with
undernutrition.
 2010 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.1. Introduction
Disease-related undernutrition remains a highly prevalent
condition in health care settings, affecting 15e60% of the patients at
hospital admission,1,2 despite increasing awareness of its burden.
Although these estimates have large variations and are dependentle Circumference; TSF, Triceps
2, Nutritional Risk Screening
od Sciences, Porto University,




nd European Society for Clinical Non the definitions used to categorize nutritional status, as well as
case mix of patients evaluated and the sampling procedures,1
recent data shows that they remain consistently high.2e4 Further-
more, there is recent evidence that strategies as regular audits and
the resulting feedback leads to a decrease in undernutrition
prevalence.5
The identification of modifiable risk factors associated to
disease-related undernutrition at hospital admission will
contribute to the development of integrated intervention and
control strategies for a timely primary prevention. The metabolic
effects of underlying disease and nutritional intake deficiencies are
described as major causes for disease-related undernutrition1
diagnosed at hospital admission, but there is evidence that other
underlying risk factors such as advanced age,6,7 low educational
status,6,8 deprivation9 and living alone,7 are also related.
The association between loss of functional autonomy and
undernutrition using the Katz Index10 was described in olderutrition and Metabolism. All rights reserved.
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evaluation of the functional independence or dependence in six
activities of daily living.10 Undernutrition was also associated with
delayed functional recovery.12 However, the association between
undernutrition and the loss of functional autonomy, accounting for
the identified risk factors, has not been properly quantified.
This study aim was to quantify the association between func-
tional autonomy and undernutrition at the moment of hospital
admission, independently of characteristics usually recognized as
determinants of undernutrition.
2. Subjects and methods
2.1. Participants
Amulticentric cross-sectional study was developed in six public
hospitals in Portugal between 2004 and 2008. Results regarding
nutritional status recorded in patient notes,13 screening tools
evaluation,14,15 and the economic impact of undernutrition16 were
previously described.
Two central university teaching hospitals, three district general
hospitals and an oncology hospital were selected based on reasons
of convenience. To obtain a probabilistic sample of 50% in-patients,
a systematic sampling method was used. The first of every two
admitted patients in weekdays who met the inclusion criteria was
consecutively admitted to the study, until completing half of the
number of department's beds. Patients were considered eligible if
they were at least 18 years old and had a planned length of hospital
stay longer than 24 h. Exclusion criteria were pregnancy and critical
illness, defined as the failure of one vital organ needing intensive
care.17 All patients considered as critical, terminal or non-terminal,
whether or not in an ICU unit were not included.
A total of 1173 patients were enrolled but as 29 patients had
missing data, our final sample consisted of 1144 patients, 238 from
Hospital Geral de Santo António SA (Hospital 1), 231 from Hospital
Pedro Hispano (ULSMatosinhos, SA) (Hospital 2),129 fromHospital
de Vila Real/Peso da Régua (Hospital 3), 257 from Centro Hospitalar
do Funchal (Hospital 4) 159 from Hospital Senhora da Oliveira,
Guimarães (Hospital 5) and 130 from Instituto Português de
Oncologia do Porto Francisco Gentil (Hospital 6).
The study protocol was approved by the institutional board and
ethics committee of each hospital and was conducted according to
the Declaration of Helsinki.18 As part of ethical screening practice,
participants identified as being at undernutrition risk or under-
nourished were referred to their doctors and clinical nutritionists.
2.2. Nutritional status variables
Undernutrition risk was assessed using Nutritional Risk
Screening 2002 (NRS 2002).19 NRS 2002 classifies the patient
nutritional risk status in four categories based on Body Mass Index
(BMI), percentage of recent weight loss, recent change in food
intake and disease severity.19
Each patient undernutrition status was classified from anthro-
pometric data, with an association of Mid-arm Muscle Circumfer-
ence (MMC) or Triceps Skinfold Thickness (TSF) with Body Mass
Index (BMI).20 Anthropometric data were collected applying stan-
dard procedures.21 Patients were weighed wearing light clothes
using a mechanical scale to the nearest 0.1 kg. In immobilized
patients, we used the patients' weight as reported in the clinical file
or if weight was unavailable, this was obtained from the patient or
relatives or estimated by the interviewers. Height was measured
with a fixed tape to the nearest 0.1 cm, and recumbent height was
obtained in patients who were unable to stand up. Weight and
height were used to calculate BMI (weight [kg]/(height [m])2).Mid-arm circumference was measured with a tape and TSF was
measured three times with a Harpenden skinfold calliper, to the
nearest 0.2 mm, and the mean was calculated. The measurements
were made in the non-dominant arm. When the non-dominant
arm was injured, paralysed or with peripheral vascular access, the
dominant arm was used. MMC was calculated from TSF and mid-
arm circumference using the formula devised by Jelliffe (1966).22
For patients aged <65 years, values from TSF measurements were
compared with Frisancho (1981) reference data23 and MMC with
Bishop et al. (1981).24 For patients aged 65 years, the Corish et al.
(2003)25 reference values were used. Patients were classified with
anthropometrical undernutrition if BMI <18.5 kg/m2 or if BMI
<20.0 kg/m2 and TSF or MMC values were under the 15th centile.20
Patients with ascites and/or oedema (n ¼ 100) were excluded from
this analysis.
2.3. Other variables
The functional autonomywas evaluated using the Katz Index for
independence in daily living activities.10 Independencewas defined
as being able to perform the activities such as moving/walking,
dressing, eating, bathing, personal hygiene without the assistance
of another person and not presenting urinary/faecal incontinence.
Patients were scored according to their performance in each of
these six categories of activities, 0 if dependent and 1 if indepen-
dent. The patient was considered totally dependent if unable to
perform more than two of these activities; partially dependent if
able to perform three to five activities; and totally independent if
able to perform six activities. This is a reliable, valid and widely
used index.10
Social and demographical information which include age, sex,
marital status, education level (number of completed years of
schooling) and tobacco use was collected. Patients were classified
as smokers if they smoke one or more cigarettes or cigars per day.
Clinical information concerning primary diagnosis, the presence of
oedema and ascites was collected from clinical file.
All the data was collected by the same interviewer in each
hospital. In order to improve intra and inter interviewer agreement,
all the procedures were previously trained.
2.4. Statistical analysis
Frequencies were compared using Chi-square test. The associ-
ation between the explored factors and undernutrition was calcu-
lated by means of odds ratios (OR) and 95% confidence intervals
(CI), comparing the highest versus the lowest category. Using non-
conditional logistic regression models, the underlying disease,
biological characteristics (sex, age), social parameters (education,
married/marriage like), functional autonomy and smoking habits
were investigated factors associated with both the risk of under-
nutrition and anthropometrical undernutrition. A logistic regres-
sion model, using our sample of patients aged 65 years, was
conducted to study whether the association between the evaluated
factors and undernutrition or undernutrition risk was similar to
those identified when the entire sample was analyzed. For these
analyses, the crude and the adjusted OR of each variable were
determined. All the statistical analysis was performed with SPSS
statistical software (V14.0). Results were considered significant
when p < 0.05.
3. Results
Undernutrition risk evaluation by NRS 2002 at admission in
this multicentric study carried out in six Portuguese hospitals
revealed that 36% of patients were at risk. This proportion
Table 1
Sample characterization by hospital.
Hospitals 1 2 3 4 5 6
N 238 231 129 257 159 130
Type of patients Medical Surgical Medical Surgical Medical Surgical Medical Surgical Medical Surgical Oncological
Hospital type University Central University Central District Central District Central
Undernutrition riska 111 (46.6) 87 (37.7) 43 (33.3) 88 (34.2) 46 (28.9) 37 (28.5)
Undernourishedb 31 (14.9) 18 (8.3) 14 (12.2) 17 (7.3) 9 (6.3) 12 (9.5)
a Results are expressed as number and (%) in each hospital, total sample of n ¼ 1144.
b Results are expressed as number and (%) in each hospital, total sample of n ¼ 1044.
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and 28.5% in a central oncologic hospital. The anthropometrical
criteria evaluation allowed the identification of 9.7% under-
nourished individuals with the highest frequency (14.9%)
and the lowest (6.3%) found in patients from district hospitals
(Table 1).
The sample characteristics are described according to under-
nutrition risk (NRS 2002) and anthropometrical undernutrition
status in Table 2. The patients involved in this study presented
a mean age of 57.5 years (SD: 17.9 years). The group of at under-
nutrition risk patients had a higher proportion of elderly (65
years) than those who were not at risk. Patients at undernutrition
risk and with anthropometrical undernutrition had a lower
education status, were more likely to be single, divorced or wid-
owed and to have an impaired functional status, compared to those
without those nutritional conditions. Smokers were more frequent
in the group of patients with anthropometrical undernutrition.
The crude and multivariate adjusted odds ratios for the associ-
ation of the studied parameters with undernutrition risk are pre-
sented in Table 3. In a multivariate logistic regression model, the
loss of functional autonomy was significantly associated with
undernutrition risk. Dependent patients were at an increased risk
of undernutrition OR ¼ 1.69 (CI ¼ 1.20e2.39) compared to patients
able to perform all the evaluated daily living activities. Illiteracy
was the strongest risk factor associated with undernutrition risk,
with an adjusted OR ¼ 2.45 (CI ¼ 1.52e3.96). Age was also stronglyTable 2
Characteristics of the sample by NRS 2002 and undernutrition (anthropometry) status.
Characteristic NRS 2002 (n ¼ 1144)
With risk (n ¼ 412) Without risk (n ¼ 732)
Sex (n (%))
Female 197 (47.8) 377 (52.2)
Male 215 (52.2) 355 (47.8)
Age (n (%))
18e64 years 157 (38.1) 527 (72.0)
65 years 255 (61.9) 205 (28.0)
Education (n (%))
None 170 (41.3) 75 (10.2)
1e4 years 167 (40.5) 389 (53.1)
>4 years 75 (18.2) 268 (36.6)
Married/marriage like (n (%)) 196 (47.6) 525 (71.7)
Underlying disease (n (%))
Medical 264 (64.1) 282 (38.5)
Surgical 61 (14.8) 292 (39.9)
Oncological 87 (21.1) 158 (21.6)
Functional autonomy (n (%))
6 activities 180 (43.7) 455 (62.2)b
3e5 activities 84 (20.4) 133 (18.2)
0e2 activities 148 (35.9) 144 (19.7)
Smoking status (n (%)) 53 (12.9) 125 (17.1)
a Patients with ascites (n ¼ 25) and/or oedema (n ¼ 90) were excluded from this anal
b Total adds > 100% due to rounded values.associated with an increased undernutrition risk, one year incre-
ment increased 3% the undernutrition risk (OR ¼ 1.03,
CI ¼ 1.02e1.04). Furthermore, being male (OR ¼ 1.61,
CI ¼ 1.19e2.16), single/divorced/widowed (OR ¼ 1.83,
CI ¼ 1.34e2.51) or a smoker (OR ¼ 1.55, CI ¼ 1.02e2.35) also
increased the undernutrition risk. Compared to patients submitted
to non-surgical treatment, patients submitted to surgical treatment
showed a decreased undernutrition risk (OR ¼ 0.29,
CI ¼ 0.20e0.41) and oncologic patients were not at an increased
undernutrition risk.
Similar patterns were observed when the association between
the same risk factors and undernutrition defined by anthropo-
metric criteria was studied (Table 3). The two estimates lead to
a similar pattern of multivariate odds ratios, however the NRS 2002
estimates resulted in more significant findings. The loss of func-
tional autonomy was significantly associated with anthropo-
metrical undernutrition, dependent patients were at an increased
risk of undernutrition, OR ¼ 1.96 (CI ¼ 1.16e3.29) compared to
independent patients. Smoking was the strongest risk factor asso-
ciated with anthropometric undernutrition, with an adjusted
OR ¼ 2.46 (CI ¼ 1.38e4.39). Being single, divorced or widowed was
also significantly associated with increased risk of anthropo-
metrical undernutrition (OR ¼ 2.10, CI ¼ 1.30e3.40). Patients
submitted to surgical treatment compared to patients submitted to
non-surgical treatment were at lower anthropometrical undernu-
trition risk (OR ¼ 0.40, CI ¼ 0.22e0.72) (Table 3).p Undernutrition (anthropometry)a (n ¼ 1044) p
Yes (n ¼ 101) No (n ¼ 943)
0.231 45 (44.6) 480 (55.4) 0.225
56 (55.4) 463 (44.6)
<0.001 54 (53.5) 586 (62.1) 0.089
47 (46.5) 357 (37.9)
<0.001 37 (36.6) 168 (17.8) <0.001
36 (35.6) 487 (51.6)
28 (27.7) 288 (30.5)
<0.001 44 (43.6) 622 (66.0) <0.001
<0.001 59 (58.4) 414 (43.9) 0.002
17 (16.8) 320 (33.9)
25 (24.8) 209 (22.2)
<0.001 44 (43.6) 548 (58.1) <0.001
19 (18.8) 176 (18.7)
38 (37.6) 219 (23.2)
0.059 24 (23.8) 143 (15.2) 0.025
ysis (n ¼ 100).
Table 3
Factors associated with undernutrition risk (NRS 2002  3) and with anthropometrical undernutrition.
Undernutrition riska Undernutritionb
Crude OR (CI) Adjusted ORc (CI) Crude OR (CI) Adjusted ORc (CI)
Sex
Female 1 (referent) 1 (referent) 1 (referent) 1 (referent)
Male 1.16 (0.91, 1.48) 1.61 (1.19, 2.16) 1.29 (0.85, 1.95) 1.40 (0.89, 2.20)
Aged (years) 1.05 (1.04, 1.06) 1.03 (1.02, 1.04) 1.01 (1.00, 1.02) 1.00 (0.99, 1.02)
Education (school years)
>4 1 (referent) 1 (referent) 1 (referent) 1 (referent)
1e4 1.53 (1.12, 2.10) 0.87 (0.60, 1.26) 0.76 (0.45, 1.27) 0.69 (0.38, 1.27)













Medical 1 (referent) 1 (referent) 1 (referent) 1 (referent)
Surgical 0.22 (0.16, 0.31) 0.29 (0.20, 0.41) 0.37 (0.21, 0.65) 0.40 (0.22, 0.72)
Oncological 0.59 (0.43, 0.80) 0.95 (0.66, 1.36) 0.84 (0.51, 1.38) 1.42 (0.81, 2.47)
Functional autonomy
6 activities 1 (referent) 1 (referent) 1 (referent) 1 (referent)
3e5 activities 1.60 (1.16, 2.21) 1.33 (0.90, 1.96) 1.35 (0.77, 2.36) 1.70 (0.91, 3.17)
0e2 activities 2.60 (1.95, 3.46) 1.69 (1.20, 2.39) 2.16 (1.36, 3.43) 1.96 (1.16, 3.29)
Smoking status
Non-smoker 1 (referent) 1 (referent) 1 (referent) 1 (referent)
Smoker 0.71 (0.51, 1.01) 1.55 (1.02, 2.35) 1.74 (1.07, 2.85) 2.46 (1.38, 4.39)
a n ¼ 1144.
b n ¼ 1044.
c Multivariated logistic regression model.
d Entered on the model as continuous variable.
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undernutrition risk was evaluated for patients aged 65 years, an
increased effect of age (OR ¼ 1.07 CI ¼ 1.04e1.11) and illiteracy
(OR ¼ 2.72 CI ¼ 1.32e5.59) was found. The loss of functional
autonomy remains significantly associatedwith undernutrition risk
(OR ¼ 1.80 CI ¼ 1.07e3.04). The other factors associated with
undernutrition identified in the entire sample lost their statistical
significance, namely males, single/divorced/widowed individuals,
patients submitted to surgical treatment and smokers. Using
anthropometrical undernutrition as a dependent variable, being
single/divorced/widowed was the only factor associated with an
increased risk (OR ¼ 2.83 CI ¼ 1.19e6.69). The other associations
previously identified for the total sample analysis lost their statis-
tical significance.
4. Discussion
This cross-sectional study shows that in this sample, undernu-
trition risk exists in more than one of every three patients in the
participating hospitals in Portugal. This proportion varies according
to the health care institution and is in line with studies conducted
in Europe,2,4,6,26 America3,27 and Japan.3 The anthropometrical
undernutrition is present in 9.7% of the studied patients, a lower
proportion than previously reported.20
Our results clearly reveal an association between low autonomy
in Katz's activities of daily living with undernutrition risk (by NRS
2002) and anthropometrical undernutrition at hospital admission,
after adjusting for known risk factors in this mixed sample of older
adults and adults. Though this association between undernutrition
and functional status evaluated at hospital admission has not been
previously quantified, these findings are in agreement with previ-
ously described in studies conducted in other settings, notwith-
standing the use of different nutritional tools. Cross-sectional data
conducted amongst elderly residents in nursing homes in Finland28and amongst community-dwelling older adults in China,29
described functional status as one of most important factors asso-
ciatedwith nutritional status. There also exists evidence supporting
that nutritional decline precedes the functional impairment in
older adults.12 Undernutrition in older hospitalized patients
submitted to non-surgical treatment assessed by Subjective Global
Assessment was strongly associated with later dependency in
activities of daily living, three months after hospital discharge.12
Important findings from a recent prospective study of older
French individuals who were independent at baseline and hospi-
talized in emergency, showed that undernutrition risk detected by
the Mini Nutritional Assessment Short Formwas an early indicator
of loss of independence 30 days after hospitalization.11
The present data shows that low educational status was the
highest risk factor independently associated with undernutrition
risk and this effect was stronger for patients aged 65 years. These
results are in line with previous findings.7,8 However, the cut offs
established in the present study were much lower, of 4 versus <12
completed years of school,7,8 due to a high proportion of patients
with a low educational level. The educational status could be linked
to deprivation,9 which has been shown to be closely connected
with in-hospital undernutrition or with several well known risk
factors for undernutrition, such as poor health care.9 It can also
reflect poor knowledge and competencies to deal with the disease
process. Being single/divorced/widowed increased the risk of
undernutrition and as well of anthropometrical undernutrition,
perhaps reflecting the increased probability of living alone and
social isolation which has been widely described as a risk factor for
undernutrition.7,8 It cannot be ruled out that this multicentric
hospital sample could be biased toward lower social classes, as
more educated individuals are more likely to be able to choose
private health care institutions in order to obtain medical treat-
ment. Nevertheless, the present study sample could represent
a target population where preventive interventions to improve
T.F. Amaral et al. / Clinical Nutrition 29 (2010) 580e585584nutritional status, tomodify educational level and functional ability
may be more effective in reducing disease-related undernutrition.
The finding that smoking status was the strongest independent
risk factor for anthropometrical undernutrition is consistent with
a decreased food intake, related to tobacco induced anorexia,1 and
similar to previous findings linking tobacco consumption and
undernutrition assessed by the Subjective Global Assessment,7
perhaps indicating unhealthy lifestyles.30
Our results showed that oncologic patients were not at an
increased undernutrition risk compared to patients submitted to
non-surgical treatment. These findings are similar to a study con-
ducted in Barcelona,20 but diverge with others.6,27 In the present
study, patients submitted to surgical treatment have a frequency of
undernutrition risk of 14.8% and of undernutrition of 16.8%, as
previously reported in the German Malnutrition Study,6 where
patients admitted to surgical treatment hospitals showed a low
frequency of undernutrition of 13.6% (Subjective Global Assessment
B þ C). When our patients submitted to surgical treatment were
compared to those with underlying non-surgical diseases, they
showed an independent lower undernutrition risk that remains
unchanged after multivariate adjustments, perhaps reflecting
better nutritional care before hospital admission.
Age was associated with undernutrition risk, being higher for
patients aged 65 years. Although these results are comparable to
those previously published describing this association,1,6 the over-
estimation of undernutrition risk related to age itself cannot be
ruled out for NRS 2002 scoring, because age contributed with one
point if the patient was 70 years or over. Otherwise, our results did
not show an association between age and anthropometrical
undernutrition, meaning that this problem is prevalent across all
age groups of the studied sample.
Several strengths and limitations of this study should be further
recognized. The systematic sampling procedure used in this study
could be regarded as a strength, as it allowed us to obtain a pro-
babilistic sample covering a variety of clinical diagnosis and
ensuring awide spectrum of nutritionally relevant pathologies. The
undernutrition risk patientswere identified by theNRS 2002, a valid
and practical screening tool,2,3 recommended by the European
Society for Clinical Nutrition and Metabolism (ESPEN). The anthro-
pometrical criteria, including the MMC, which is traditionally
recognized as a reliable indicator of undernutrition,22,23 were
further used to obtain an independent contribution to the diagnosis.
Some limitations of this study merit further discussion. First, its
cross-sectional design did not allow the exploration of a causal
relation between the identified factors and undernutrition.
Secondly, the selected hospitals were recruited on a convenience
basis, which can limit the generalization of our findings to all
hospitals. Third, the exclusion criteria were established in order to
exclude patients whose clinical conditions were more likely to be
related to a poor nutritional status, such as children and critical care
patients. This limits the ability of the present analysis to evaluate
the factors associated with these situations and leads certainly to
an underestimation of both undernutrition risk and anthropo-
metric undernutrition. Fourth, although the scale used to evaluate
functional ability (the Index of Independence in Activities of Daily
Living) has been widely used,10,11 it is acknowledged that minor
illness or disability frequently do not translate into the limitations
in basic activities of daily living covered in this scale.10 Therefore,
the significant association between the loss of functional ability and
undernutrition could have been underestimated in the present
analysis. Other factors as depression31 and cognitive impairment8
that have been related to malnutrition were not evaluated in the
present study. Furthermore, the majority of associations previously
identified for the total sample analysis, lost their statistical signif-
icance when the association between the studied risk factors withboth undernutrition risk and anthropometrical undernutrition was
evaluated separately for patients aged65 years. The small number
of patients in some strata of this analysis and also with anthropo-
metrical undernutrition, leads to insufficient statistical power that
might further limit our ability to identify significant associations.
Finally, although adjustments were made for a variety of potential
confounding factors, residual confounding could not be ruled out.
In conclusion, the present study shows in this sample with
a large proportion of patients at risk and undernourished, that
factors associated with undernutrition risk were age, a low
educational level and being male, single, divorced or widowed, be
a smoker and impaired functional status. Similar patterns were
observed for the multivariate association between the anthropo-
metric undernutrition and the following parameters: impaired
functional status, single divorced or widowed individuals and
smokers. Both the undernutrition risk and anthropometric under-
nutrition estimates lead to a similar pattern of multivariate odds
ratios, however, the NRS 2002 estimates resulted in more signifi-
cant findings. We also conclude that little extra information is
gained by using anthropometrical indices compared to NRS 2002
when assessing the factors associated with undernutrition.
These findings present a challenge for primary health care
professionals, highlighting the need to implement preventive
strategies at community level, before hospital admission.
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